Payments for ecosystem services (PES) are expected to promote ecological restoration while simultaneously improving human livelihoods. As an adaptive management tool, PES programs should be dynamic and adjusted according to changing natural and socio-economic contexts. Taking the implementation of China's famous ecological restoration policy known as the Grain for Green Program (GGP) in the Wolong National Nature Reserve as an example, we analyzed changes in the livelihood capitals and strategies of local households that had participated in the GGP over a 10-year period and discussed the implications of these changes for the next stage of the program's implementation. Data were collected from a locally implemented questionnaire in both 2004 and 2015. We found that local livelihood capitals and strategies had experienced dramatic change over the 10-year period. Natural capital decreased and was unequally distributed among local respondents. In terms of financial capital, despite that agricultural and nonagricultural income increased, compensation from the GGP decreased and did not keep pace with increasing cost of cropland, household income and more broadly national economic development and inflation. Regarding human capital, the local labor force is facing huge transformational pressures. In particular, there is a increase in the supply of local labor force aged between 21 and 40 and the implications of this for the future of the GGP should be given more attention. The findings have demonstrated that: Some changes in participants' livelihood were expected by the GGP but were not evenly distributed among the participants; and PES programs are embedded in changing and multi-dimensional socio-economic contexts, and so their design and implementation must be coordinated with other related policies if they are to achieve long-term success.
Consideration of contextual changes is necessary when designing and adapting a PES program. Such changes may or may not be induced by a program itself, and they can advance or impede its further implementation. Our aim in this study was to analyze the livelihood changes of participants in the GGP and discuss the implications of these changes for the next stage of the program. Our research objectives were to analyze the quantity and distribution of the changes to the participants' livelihood capitals and strategies; explore the reasons for and significance of these changes; and identify how these changes could inform the design and implementation of the next stage of the GGP.
| MATERIALS AND METHODS

| Description of the study area
The research was conducted in the Wolong National Nature Reserve which is located in Wenchuan County, Sichuan Province, southwest China (102°2′to 102°24′ E, 30°45 to 31°25′N). The reserve has an area of 2,000 km 2 and is famous for supporting the conservation of farmers' re-converting their previously forested land back to cropland associated with the GGP (Chen, Lupi, et al., 2009; Chen, Zhang, et al., 2009; Chen et al., 2012) and the program's sustainability in the study area (Xu, Chen, Lu, & Fu, 2007) , no attention has been given to understanding the changes that have occurred from the two former stages of the GGP in the reserve and how these changes could influence the design and implementation of future stages of the program.
| Data collection
Research data were obtained by Participatory Rural Appraisal (PRA).
PRA is a conventional method for learning from farmers and is widely person (>18 years old) from each household was interviewed in his or her residence. To avoid potential bias, we made it clear to the participants that the survey was for academic research only and that we were not affiliated with the GGP management authority or any of the local administration authorities.
| A sustainable livelihood analysis framework
Following previous studies (Bremer et al., 2014; Chen et al., 2013; Liang, Li, Feldman, & Daily, 2012) , we used a livelihood approach as an organizing framework to better understand changes in the local socio-economic context. The Sustainable Livelihood Framework (SLF) was used. The SLF is defined by Chambers and Conway (1992) as "the capabilities, assets (including both material and social resources) and activities required for a means of living. A livelihood is sustainable when it can cope with and recover from stresses and choices, maintain, or enhance its capabilities and assets, while not undermining the natural resource base." The SLF encompasses five components: (1) vulnerability context; (2) livelihood capitals; (3) transforming structures and processes; (4) livelihood strategies; and (5) livelihood outcomes (DFID, 1999, pp. 1-8) . These components are intended to be dynamic due to both external interventions and the activities of the rural residents. The SLF is often used in evaluating rural development projects as it helps to organize complex data into a form that summarizes and analyzes "core influences and processes" and the interactions between different factors that impact on people's livelihoods.
It provides a holistic framework for understanding and exploring the dynamics of rural livelihood outcomes and strategies associated with rural development interventions.
According to the SLF, livelihoods depend on five types of capitals:
natural, human, financial, material, and social. These capitals are affected by the "vulnerability context" and "transforming structures and
processes." Thus, we use livelihood capitals to characterize local livelihood changes. Livelihood strategies, which means the choices rural residents employ in the pursuit of income, security, well-being, and other productive purposes, are used to reveal local responses to livelihood changes.
In order to relate the SLF to the GGP and our research objectives, livelihood capitals were measured at the household level and indicators were selected relating to both the capitals and the GGP to provide insight into factors that could influence the sustainability of the GGP.
Indicators were selected as follows: cropland holding indicating natural capital, household income indicating financial capital, the number and educational level of household members indicating human capital. For the household material capital, the numbers of pigs and cattle owned by the household was chosen as an indicator because pig-feeding and cattle-feeding have a close relationship with both biodiversity conservation and agricultural practice (An, Lupi, Liu, Linderman, & Huang, 2002 
| RESULTS
| Demographic variables
| Changes in natural capital
| Changes in financial capital
There were dramatic changes in household financial capital in recent years. Table 3 shows that both average total income per household and per capita income increased greatly, by 433% and 511%, respectively.
Although average agricultural income also increased substantially (i.e., by 245%), its proportion of total household income decreased by approximately 35%. In contrast, local nonagricultural income increased by 805% and its proportion of total household income increased to 70%.
In the first stage of the GGP, cash and grain were provided to the local people as compensation for their cropland conversion, while in the second stage only cash was provided as compensation to local people. For this study, the grain compensation (i.e., 2,250 kg/ha) was converted to a cash value according to the grain price in 2003 (i.e., 2.5 Yuan (RMB)/kg). Hence, the 2004 "cash + grain" values in Table 3 (by approximately 47%), and its proportion of total household income and agricultural income both decreased even more so, by 89.9% and 84.0%, respectively.
There were varying changes in the distribution of income among households. Average agricultural income per household became more unevenly spread, with the p90/p10 increasing from 6.4 to 20.0 (an increase of 212.5%). Average nonagricultural income per household became more evenly spread, with the p90/p10 decreasing by approximately 38%.
Average total income per household also became more unevenly spread.
| Changes in human capital
Changes in household human and material capitals are outlined in T A B L E 2 Changes in local natural capital 
T A B L E 4 Changes in human capitals
that the potential local labor force will be reduced in the future years. The potential adult labor force (i.e., household members aged between 15 and 50) increased to varying degrees, with the fastest growth in potential workers in the 41-50 years age bracket. In terms of the numbers of people in the potential labor force, most were aged between 21 and 30 followed by those aged between 31 and 40. These two age groups of the potential labor force comprised 42% of the total respondents and became the largest stakeholders for off-farm employment.
| Changes in material capital
Changes in household material capitals are outlined in The average number of cattle per household increased by approximately 158%. In addition, mass breeding had appeared by 2015, with, for example, two households raising more than 35 pigs for commercial sales in that year.
| Changes in livelihood strategy
The GGP aimed to reduce farmers' dependence on agriculture and encourage redundant rural labors to find other nonagricultural employment. We defined the labor force as those household members aged 18 or older. Every family member of the surveyed households was asked about his/her occupation and so we were able to determine the number of labor force that was employed in nonagricultural industries. The results showed that nonagricultural employment increased substantially since 2004 (Table 6 ). The proportion of the local population and the potential local labor force employed in nonagricultural industries increased by 250% and 153%, respectively. The local workers were categorized as either regular employees or temporary employees. Regular employees had stable employment with good social welfare such as hospital cover and social security. Temporary employees had unstable employment with associated high mobility and uncertainty, and limited social security. Ordinarily, temporary employees retain a strong connection to agriculture and would be likely to return to rural areas and agricultural employment if they lost their jobs or when they were older. Our results showed that more respondents were engaged in temporary employment than regular employment. The proportion of temporary employees in the local population and the potential local labor force were approximately 27% and 61%, respectively. This was higher than the respective percentages of regular employees (i.e., approximately 9% and 19%, respectively).
| DISCUSSION
There have been dramatic changes in livelihood capitals and distribution among households in our study area over the past 10 years.
In general, it is optimistic to have found a dramatic decrease in local cropland holdings and a dramatic increase in the households' nonagricultural income, as these outcomes indicate that the locals' dependence on agriculture has decreased and that redundant rural workers have shifted away from growing crops. These changes align with the initial objective of the GGP. Although the GGP is not the only driver of these changes, it is now confronted with new socio-economic conditions in our study site and will have to be adjusted if its planned next stage is to be an effective and smooth implementation. We highlight the following three challenges for the sustainability of the GGP's planned next stage in our study site.
| Challenge 1: Heterogeneity in agricultural dependence
There were distinct uneven distributions of cropland holdings and agricultural income among the respondents. At least two typical groups were evident among the respondents-landless respondents and landsecure respondents. In the study area, it has been established that households with more cropland are less willing to re-enroll in the GGP due to their dependence on farming (Xu, Kong, Liu, & Wang, 2017) . 
| Challenge 2: Decreasing ecological compensation and increasing value of cropland
Compared to the rapid growth in household agricultural and nonagricultural income between 2004 and 2015 (245.2% and 805.7%, respectively), compensation paid to households for their cropland conversion decreased substantially (−46.9%). The proportion of this ecological compensation to household total income and agricultural income decreased even more so (−89.9% and −84.0%, respectively).
This is a result of the continued decline in compensation from the first stage to the third stage of the GGP (http://tghl.forestry.gov.cn/ portal/tghl/s/2166/content-846817.html) and the obvious increase in local incomes. In the first stage of the program, the absolute value of compensation was lower than cropland income, because most local croplands were under cabbage cultivation (Xu et al., 2007) . At present, the compensation for converting cropland to forest remains far below the actual cropland revenue potential.
In contrast to the rapid decline in ecological compensation, the value or cost of local cropland was increasing because of the emergence of agricultural cooperatives which lease local cropland for commercial, market-oriented cultivation. The amount these organizations pay to lease the cropland is higher than the GGP compensation (Xu et al., 2017) . It was also evident that some respondents were changing their livelihood strategy from subsistence farming to market-driven farming. Pig and cattle breeding, which in the past served as a means of supplying meant for family consumption and draft power, has increasingly turned to a focus on commercial sales. In addition, there have been obvious rises in the costs of food, houses, and other livingrelated items in China over recent years (Guo, Li, Yu, & Hao, 2011) .
As market-based instruments, PES programs should at least cover the opportunity costs of the changes to land management necessary for suppliers to provide the sought-after environmental services. Thus, decreasing compensation, together with the increasing costs of cropland and living items, will challenge the next stage of the GGP. The fact that decreasing compensation from the GGP might induce participants to abandon the program and return to farming has been a concern expressed by other researchers (Cao, Chen, Chen, & Gao, 2007; Zhen et al., 2014) . In the study area, croplands were converted to ecological forests that aside from the ecological compensation are providing no direct productive value (such as from wood or fruit) for the local people. Hence, the emergence of market-driven farming has provided the local households with a better understanding of the opportunity cost of cropland conversion and how this compares with the ecological compensation they could receive from the GGP. This ecological compensation needs to be adjusted to better reflect local expectations.
| Challenge 3: Pressures on labor supply
The long-term success of a PES program depends on whether a local labor force can find a livelihood alternative to growing crops. In the study area, a positive finding was that the level of education among respondents had substantially increased. This may be conducive with their re-enrolling in the next stage of the GGP (Xu et al., 2017) .
Relating the observed changes in human capital and livelihood strategies to the next stage of the program, we found two key challenges for the program: One is that the potential adult labor force aged between 21 and 40 has increased and is presently at a peak; the other is that most off-farm workers are engaged in temporary, high-mobility nonagricultural jobs that have little technical requirements and social security such as the provision of a pension. This meant that these off-farm workers were not completely divorced from agriculture. As we found in the survey, most temporary employees stated that they would return to work on the farm if they lost their job or when they were older. Together, the high pressure on the local labor force plus the high potential for nonagricultural employees to return to the farm will challenge the next stage of the GGP.
The GGP itself actually has a small positive effect on nonfarm employment (Kelly & Huo, 2013) . The program should not be limited to stipulations themselves, but should resort to other related policy measures (Yin, Xu, Li, & Liu, 2005) . This is important because all policies concerning rural land and the labor market can alter the opportunity cost of land-use and eventually influence the incentive for farmers to participate in a cropland conversion program and the likelihood that they will convert their afforested land back to cropping (Yao, Guo, & Huo, 2010) . Yin et al. (2013) have also emphasized the need to explore the interactions of different policies to achieve program effectiveness. Here, we find some opportunities for a transformation of the local labor force to nonfarming industries. Firstly, younger workers are more competitive to accept new technology and information, thereby strengthening their capabilities in an increasingly competitive employment market. Secondly, Wolong National Nature Reserve is promoting the development of local tourism resources and an increasing number of local households are becoming involved in the tourism industry in the form of farmhouse resorts (also named "Nongjiale" in Chinese).
Local people have high expectations for local tourism development and hope that this will result in improved local employment opportunities (Xu et al., 2017) . Finally, with Sichuan Province being the largest labor export market in China, the provincial government is now working to attract its exported labor force back to their home to start new businesses (http://www.sc.gov.cn/10462/12771/2017/2/21/10414 645.shtml).
| CONCLUSIONS
It is well-known that PES or restoration programs should be adaptable to changing socio-economic and environmental conditions at their target locations. In this context, our research contributes a case study 
